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ix 
Clinical microb iology labo ratories performing C. 
dif ficile toxin assays usually elect to maint ain only cell lines 
shippe d  from supp liers. In this s tudy , four cell line s , primary 
human foreskin ( HFS ) , Chine se Hams ter Ovary ( CHO-Kl ) , HEp-2 , and 
WI-38 were tested for sensitivity to the e f f e c t s  of C. difficile 
cyt o toxin. The influence of the age of the culture and durat ion 
of the as s ay , 4 versus 24 hour s , was also examined. Twenty-e.ight 
· posi t ive and 13 negative patient specimens were t e s ted. Tubes 
of cells were inoculated at ages of  3 , 4 , 5 , 6 , 7 , 9 ,  and 14 days and 
examined for cytopathic effec t s  at 4 and 24 hours post inocula­
tion. 
· The four cell cultures detected fewer fecal samples . 
pos i t ive for f· diffic ile toxin when the as say was read at 4 
Qours compared to 2 4  hours af t er inoculat ion. However ,  the HFS 
cell l ine was the mos t  sens itive in de t e c t ing C. diffic ile toxin 
compared to the o ther three cell lines. Five to 6-day-old pri­
mary HFS cells were 14 to 17% more sens itive than the other 
three cell types. �ensitivity of  all four cell cultures to C. 
dif f ic ila toxin decreased as the age of the cell cultures 
increas ed. The HFS cells de tected C. difficile toxin , in fewer 
fecal s amples , but were s t ill 12-18% more sens i t ive at_ 7 days of 
age , at  9 days o f  age , 13-20% more sens i t ive and 12-20% more 
sensit ive at  14 days of  age than were the HEp-2 ,  CHO-Kl and Wl-38 
cells . The sens i t ivity of  all four cell line s to  C .  difficile 
toxin was greater if the cytotoxicity assay was observed at 2 4h 
after inoculation . This was especially true for f e cal samp le s  
containing low levels ( � 1 : 160 t ite� ) of C .  dif f ic ile toxin . 
The HFS c e lls were 3-7%  more sens itive at 24h af t e r  inoculat ion 
compared to the o ther three cell cultures .  However ,  the HFS 
cell l ine remained 100% sen�it ive except on days 3 and 7 ,  when 
one true p o s i t ive was not detected . 
X 
In conclus ion , HFS , CHO-Kl , HEp-2 and WI-3 8  cells are less 
sens i t ive to the effects of  C .  diff icile toxin as the cultures 
age . Primary HFS cells are more sensitive than CHO-Kl , HEp- 2  and 
WI-38 cells for de te c t ion of C .  difficile toxin in fece s , regard­
les s  of the age of the cells and the t ime of incubat ion of the 
cyto toxi c ity assay . 
LITERATURE REVIEW 
Ant imi crobial Agents Implicated 
Mos t  ant imic robial drugs and s ome chemo therapeutic agent s 
have b e en implicated in f· difficile-induced diarrhea ( 3 , 39 , 5 7 , 6 3 ) . 
Clindamyc in and cephalosporins are the mos t  f requent ant ibiotics 
involve d  in cases of  ant ibio tic-as sociated d iarrhea or pseudomem­
branous colitis ( PMC ) . ( 3 , 40 , 5 7 ) . Clindamyc in-induced diarrhea or 
PMC occurs in 1 of  50 , 000 to 1 of 100 , 000 t reatment s as reported 
by the manufac turer ( 6 7 ) . However , clindamycin may be involved in 
10 percent o f  cases of antibiotic-as sociated diarrhea or PMC· and 
has a mor t ality rat e  up to 44 percent in untreat e d  patient s ( 6 2 ) . 
Non- toxigenic s t rains of C .  difficile do no t rever t  to cytot oxin 
product ion in the presence of clindamycin but 6/5 6 toxigenic 
strains produced higher levels of  cytotoxin in the pre sence of · 
clindamyc in ( 4 3 ) . 
Ant ib iot ic-as sociated diarrhea.and PMC have also been docu­
mented in at leas t two cases of pat ient s treated with cephalo­
sporins ( 15 , 60 ) . Fecal filtrates from one pat ient with an t i­
bio t ic-assoc iated diarrhea contained cytotoxin , which was neut ral-. 
ized by polyvalent gas gangrene and f· diff icile ant itoxins ( 15 ) . 
A fatal case following prophylactic use of cephalosporins was 
reporte d  in a 6 7-year�o ld female , who developed comp licat ions of 
abdominal pains and diarrhea after a hys terectomy . An autopsy of 
ehis woman revealed le s ions typical of PMC invo lving the ileum 
and the ent ire co lon (60). 
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Ant ibio t ic-associated diarrhea and PMC also deve lops in 
pat ients t reated with o ther ant ibio t ic s  ( 2 1 , 2 2 , 7 1) .  A fatal case 
of PMC as s o c iated with the use of  neomycin and erythromycin dur ing 
whole gut irrigat ion has been described (71). Me t ronidazole was 
used succe s sfully in the t reatment o f  one pat ient ( 1 4) , but has 
also been found as sociated with PMC in ano ther ( 2 9 ) . 
S tudies to  Detect  an Et io logic Agent 
In s tudies inves t igating a pos sib le viral e tiology of 
PMC , cyt opathic effec t s  ( CPE) were observed in cell cultures 
inoculated with fecal mate rial from pat ients with PMC (32). Since 
the CPE could not be reproduced on pas sage of the cell supernatant 
as expected wi th a viral agent , and the CPE was induced very 
rapidly , Bartlet t e t  al . ( 4 )  concluded that the CPE was induced by 
a toxin rather than a virus . These same · inve s t igators had previ­
ous ly shown that intramuscular adminis trat ion of c lindamycin to 
hamst ers c aused an overgrowth of �· difficile in the ce cal flora. 
Intracecal injections of a cell-free broth filtrate of the C .  
diff ic i le s t rain isolated from the c l indamycin- t reated hams ters, 
induced enteroco litis in hams ters ( 5) . In 1 9 7 8 , these s ame 
inves t iga t or s  isolated 25 clost ridial s t rains from f ive fecal 
spec imens of pat ients with ant ibiot ic-as sociated colitis ( 4) .  
Four of these 25  s trains produced CPE when inoculated onto cell 
cultures .  Bac t erial cells from pure cultures of C .  dif f icile and 
broth f il t rates of the four cytotoxic s t rains of C .  difficile pro­
duced ent erocolitis when inoculated intracecally into hams t ers . 
The toxici ty for cell cultures and the pathogenicity for hams ters 
could be neutralized by pretreatment of the filtrates with gas­
gangrene ant itoxin . These four cytotoxic s t rains were clas s i fied 
as C .  diff ic i le on the bas is of  their b iological and chemical prop­
erties . Fourteen of the 2 1  Clost ridia s t rains , which were no t 
cytotoxic to cell cultures , did not produce ent erocolit is in ham­
sters . Filt rate s  prepared from the stools o f  two pat ient s with 
ant ib io t ic-a s so c iated colitis were le thal when inoculated int ra­
peritoneally int o  hams t ers ( 50) . These filtrates also produced 
CPE on cell cultures . The effec t s  of the toxin on cell culture 
could be neu t r�lized with f· sordellii ant itoxin , but not ant i­
toxins made agains t o ther Clos tridia , Escherichia coli or Vibrio 
cholerae . Other inves t igators have reported that the cytotoxin 
de tected in fecal samp les from patient s with ant ib iot ic-as so ciated 
diarrhea o r  PMC could be neutralized by ant i toxins to C .  dif ficile 
or C .  sordellii ( 24 , 30 , 74) ,  but not to C .  his t o lyt icum ,  C .  novyi , 
C .  welchii ,  and f· sept icum (24) . 
C .  difficile toxins are also reported t o  be pre sent in 
fecal s amp le s  from pat ients with inf lammatory bowel diseases (38). 
The se toxins have been de tected by a cyt otoxicity assay in s tools 
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from 17 p ercent of  the pat ient s with ulcerat ive colitis , 4 percent 
with Crohn ' s diseas e , and 24 percent with chronic diarrhea . Toxin 
was only demons trated in tho se patient s who had receive d ant ib iotic 
therapy within 2 months o f  sampling . Other inve s t igators have 
det e c t ed f· diff icile toxin in pat ients with inf lammatory bowel 
diseas e with or without ant ibiotic treatment ( 7 , 9 , 3 7 , 66) . C .  dif­
ficile cytotoxin has been document ed to pers i s t  in feces up to 8 
months after initiation of ant ibiotic therapy begins ( 7) .  
Properties  o f  the Organism and I t s  Toxins 
C .  diff icile is a�ram posi t ive , spore-forming bacillus 
6-8�m in length and approximately O . S�m in width . Spores are oval, 
usually sub t e rminal , and cause the bacillus to bulge minimally or 
not at all . Colonie s of f· diff icile are 2-3mm in diame ter, white 
or grey , possess an undulant or rhizoid edge, and are s lightly . 
raised . I f  grown on blood agar supplemented with hemin and vita­
min K ,  .co lonies of  f· diffic ile will exhibit a chart reuse fluores­
cence under ultraviole t light . Co lonial morphology also varies 
within and be tween s trains ( 2 3) . 
C .  diff icile produces two toxins which are found in the 
feces o f  a majority o f  pat ients with ant ib io t ic-as sociated colit is 
( 2 , 5 1) .  One of these toxins ( toxin B)  produces CPE on several 
mammalian cell cultures ( 6 , 61) . A se cond toxin ( toxin A) causes 
fluid accumulation when ino culated into isolated loops of  the 
ileum of rabbits (6). 
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The A and B toxins can be. separated by ion-exchange: chroma-
tography on DEAE-NaCl gradients (5 8).  Purified toxin A and par-
t ially purified t oxin B are cytotoxic to Chine s e  hams t e r  ovary 
(CHO-Kl) cells (58) . Antiserum to toxin B did no t neu tralize the 
ability of toxin A to produce CPE on cell cultures and vice versa . 
The quantity o f  toxin B was lOOOX higher than toxin A .  The spe-
cific act ivities of  toxins A and B were 3 . 8xl06 cyt o t oxic unit s  
(Cu) p e r  mg and 5 . 3xl0 9 Cu/mg , respectively .  Both toxins were 
fatal to mice injected intraperitoneally at dos e s  o f  6 . 4xlo3 LD 
lOOmg and 2 . lxlo4 LDlOO/mg, re spect ively . Toxin A and toxin B 
have molecular weights of 550 , 000 and 360 , 000, resp e c t ively . Both 
toxins are heat lab ile and lose 9 9  percent of the ir ac t ivity after 
heating at 5 6°C for 6 minutes . Toxin A is s tab le at  pH 4 and 10 , 
but lab ile at  pH 2 . 0 .  Toxin B was labile at pH 2 ,  4 and 10 . Both 
toxins are inact ivated if treated with the proteas e s, tryp sin and 
chymo tryp s in (58 ) .  
Pathogene s is o f  C .  diff icile Ant ibiotic-as sociated D iarrhea or 
PMC 
The pathogene s is of f· dif ficile-induc ed ant ibio tic as so-
ciated diarrhea or PMC is not well defined . In order for C .  dif-
ficile t o  induce diarrhea or PMC , the organism mus t  f i r s t  attach 
to the mucosal surface via glycopro teins , which are receptors for 
the bact eria on the surface of hos t  epithelial cells . Ant imicro-
bial drugs apparent ly aid the attachment of  f· dif f ic ile de s troying 
6 
commensal bacteria , which usually prevent the a t t achment and prolif­
eration of f · dif f icile in the inte s t ine ( 11) . 
Time o f  onset of  symptoms is variable after  init iat ing anti­
bio t ic therapy . One-half to two-thirds of the pat ient s develop 
diarrhea within a few days after ini t iat ion of ant ib io t ic t reatment . 
Other patien t s  do not develop diarr�ea unt il 4-6 weeks af ter t reat­
ment has been discontinued ( 18 ) . The clinical s igns vary from a 
transient, self-limiting diarrhea to a severe and of t en fatal 
pseudomemb ranous colitis . S igns and symp toms o f  ant ibiot ic-as so­
ciated diarrhea include profuse wa�ery, green feces with an 
offens ive odor , fever, abdominal tende rne s s , abdominal cramps , and 
leukocy t o s i s  ( 3 , 18 , 4S) . Diarrhea may pers i s t  f rom eight to ten 
days , to  as long as. four weeks ( 18) . Death can occur if the con­
dit ion is not t reated . Mort alit ies are highes t  in pat ien t s  over SO 
years o f  age. �n one report , 4/21 untreated pat ients over the age 
of SO die.d compared to none of 8 pat ients under 50 years of age 
(18) . Recurrences are common and occur in 1 0  t o  20 percent of 
treated pat ient s ( 18) . 
Endos copic examination of the colonic mucosa of pat ients 
with ant ibiot ic-as sociated diarrhea reveals gro s s  les ions of  
cop ious amounts of  mucus covering necrotic or ulcerated areas of 
the colonic mucosa . Raised membranous plaqne s on the colonic 
mucosal surface are also ·ob served and are characteris t ic of  PMC . 
The se plaques are ye llow or green in color , vary in size  and 
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consis t  of  mucus , f ibrin , white ·b lood cells , and necrotic epithelial 
debris . As the disease progresses , t he entire mucosal surface may 
become nec ro t ic and .s lough , result ing in the format ion o f  ulcers . 
Histological examinat ions of  the colonic mucosa o f  PMC patients 
reveal a p s eudomembrane cons i s t ing o f  a f ib r inoleucocyt ic exudate 
containing polymorphonuclear leukocytes and muc in , which attache s 
to the surface o f  the co lonic mucosa . The muc in is  oriented as 
linear s t rands perpendicular to the surface of  the co lonic mucosa 
(3 , 19, 45) . 
Epidemiolo gy 
C .  difficile has been found in feces o f  3 t o  5 percent .·of 
"healthy" adults ( 19) . Neonates and young infan t s  are some t imes 
asymp t omat ic carriers of  C .  dif ficile s ince the cytotoxin can be 
demonstrated in their feces ( 1 , 5 9 , 68 ) . Ant ibio tic-associated 
diarrhea or PMC.is observed in all ages but is reported mo s t  fre-
quently in older adult patients . It should be suspected in any 
pat ient develop ing diarrhea dur ing or within six weeks after anti-
microb ial therapy ( 64) . Pseudomembranous colitis  was diagnosed in 
five children who had received prior antibiotic therapy (10). Four 
of these children had PMC , which clinically res emb led tha t  de scribed 
in adult s .  Three of  these children recovered and two died . C .  
diffic ile toxin has also been demonstrated in t he feces of  �hildren 
with Hirs chsprung ' s  disease ( congenital aganglionic megacolon) ( 65) . 
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Pseudomembranous colitis was conf irmed by his topathology in two of 
four specimens . However ,  the occurrence of Hirs chsprung ' s  disease 
could not be as sociated with ant ibio t ic treatment .and G. diff icile 
toxin p roduct ion . 
Hos pital environment s  are commonly contaminat e d  with f· dif­
ficile ( 27 , 35 , 40) . The extent of this environmental contaminat ion 
was s tudied by Fekety et al . ( 20) ,  who cultured various environmental 
surfaces in the rooms of  15 pat ient s with ant ibiotic-as sociated 
diarrhea or PMC . C .  difficile was isolated f rom the hands and feces 
of all pat ient s , and from furniture used by the pat ient s in the 
room . C .  difficile could also be isolated from floors , toilets,  
bedding , mop s , and scale s but not  samples taken f rom walls , w�ndows , 
air cond i t ioners , food and clean bedding . Of samp le s  taken from 
various environmental surfaces , 1 9 . 6 % were p o s i t ive by culture for 
C .  dif f ic ile . In comparison , only 6 . 8% of the sample s collected 
from various environmental surfaces in the room of an asymp tomatic 
carrier we re positive for f· dif f icile and only 2 . 6 %  of  the samples 
taken in.the room of an asymptomatic , culture-negat ive pat ient were 
pos itive for C .  difficile . The result s of the s t udy by Fekety ( 2 0) 
indicate the need for "enteric precaut ions" ; i . e . , isolat ion of 
patient and donning of gowns , glove s and masks by hospital person­
nel to prevent the spread of f· difficile , as sugges t ed in the CDC 
Guideline s for Infection Control ( CDC Guid�line s for Isolation 
Precautions in Hospit 'als. and �CDC ·Guideline s :f or-:Irifec
t ion -eontrol 
in Hospital Personnel , U . S .  Dept . of Health and Human Service s ,  
Center for Infectious Diseases , Atlanta , GA . , 1983) . 
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Nosocomial infect ions with f· dif f ic ile have been described 
( 40) . One patient entered the hospital with PMC , and lat er , four 
inpatien t s  on the same ward became infected . Two o f  the four in­
patient s were given ant ib io tics befo re PMC s tarted . In four o f  
these f ive cases of  PMC , C .  diff icile toxin was demonstrated in the 
fece s . · 
Laborat ory Diagno sis  
9 
S everal laboratory procedure s have been reported for detect­
ing the presence of  f· difficile and C .  diff icile t oxins in feces 
( 13 , 34 , 44, 7 6) . A cytotoxic�ty assay for C .  dif ficile toxin is the 
preferred method because of the as say ' s  sens it ivity , specificit"y 
and good correlat ion with clinical diagno s is ( 17 ) .  
S everal inves t igators have success fully de tected the cyto­
toxin of C .  difficile on a variety of cell line s . Ten Wen Chang 
et al . ( 13) tested 3 6 6  fecal specimens for the presence of C .  dif­
ficile toxin . The test was positive in 96% of  the specimens from 
pat ient s with ant ibiot ic-as sociated PMC and 2 %  f rom specimens of 
patient s  who we re not experienc ing gast roint e s t inal complicat ions 
from ant imicrob ial usage . These inve s t igators also tes ted the sen­
sitivity o f  7 dif ferent st rains of cells to  a crude toxin prepared 
from a s train of C .  difficile and to de tect  f· diff icile toxin in 
fecal extract s .  The �ens itivity of the diff erent cell line s on the 
bas is of  titers o f  toxin in feces was determined us ing the Reed 
and Muench TCD-50 method (48) .  All of the cell culture s were 
1 0  
suscep t ib le to the fecal ext rac t s  and the c rude t oxin . The mos t  
suscep t ib le cell lines were primary human amnion , human lung fibro- · 
blas t (WI-38) , baby hamst e r  kidney , and mouse fib robla s t s . Three 
other cell lines t e s ted (HeLa , monkey kidney and rabbi t  kidney 
cells) demons t rated t iters that were approximately 10-fold lower . 
Murray and Weber (42) compared the sens itivity of  two cell lines , 
Chinese hams t er ovary ( CHO-Kl) and a human ep ithe lial cell line 
(HEp-2) f o r  the detect ion of f· dif ficile cytotox in . They de tected 
f· dif f ic ile cytotbxin in 26/17 7 ( 14 . 7 %) spe c imens us ing the cyto­
toxicity a s s ay . All 26  specimens were det e c t ed u s ing CHO-Kl cells 
compared to 13  positive specimens de tec ted with the HEp- 2  cells . 
Donta and Shaffer ( 16) reported that C .  diff icile toxin produced 
ident ical cytopathic effects  on Yl adrenal cells , CHO-Kl , and HeLa 
cells . Maniar et al . ( 36) found no dif ference in the number of 
specimens positive for f· diff icile toxin when HeLa cells and mono­
layer s  or suspens ion cultures of McCoy cells were used as the assay 
sys tem . 
Counter immunoelectrophoresis ( C IE) has also b een used to 
detec t  C. dif f ic ile toxin in fecal specimens . Rennie e t  al . (49) 
compared CIE to the cell culture cytotoxicity as s ay and isolat ion of 
f· dif f i c ile from fecal specimens of 425 pat ient s taking ant ibiot ics� 
A total o f  5 7  ( 13 . 4%) of the 425 fecal spec imens were positive either 
by culture or by toxin as say . Of these , 31 ( 7 . 3 %) were positive by 
the cyto toxicity assay , CIE and by culture , 18 ( 4 . 3%) were positive. 
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by both the cyt o t oxicity assay and CIE but no t by culture , 7 ( 1 . 6 % )  
were cul ture po s i t ive only , and 1 was positive by CHO-Kl cell as say 
and negat ive by CIE and culture . The sensi t ivity o f  the CIE test  
was 80% and the cytotoxic ity assay , 82%  compared t o  the isolation 
of C .  diff icile . S t andardizat ion of the CIE t e s t  was important to 
eliminat e  nonspecific immunoprecipitat ion line s on t he C IE assay . 
The CIE t e s t  was considered po sitive for £• dif f ic ile toxin if major 
precipitat ing line s were ob served after reac t ing with specific C .  
difficile ant i toxin (4 9 ) . Others have encountered problems with 
the CIE t e s t  (31 , 55 , 7 2 , 77 ) . Wes t  and Wilkins ( 7 2) reported f inding 
-
several nonspecific immunoprecip itat ion arcs us ing CIE.  They sug-
ges ted that p o s i t ive C IE react ions be confirmed by t he cytotoxicity 
as say , s ince the C .  difficile antitoxin used in the C IE procedure is 
prepared agains t a par t ially purif ied toxin , which reacts with non-
toxigenic s t rains o f  C .  difficile . Sands et al . ( 5 5 )  evaluated- CIE 
for the de t e c t ion of C .  diff icile toxin and found poor sen s i t ivity 
in comparison t o  the cell culture cyto tox-icity assay . They reported 
a sensi t ivity of  4 1 % ,  spe cificity of 86%  and false pos itive rate of 
47% for C IE compared to the cyt otoxicity assay . Kurzynski and co-
workers (31 )  also reported low sens i t ivit ies in the ir s tudy using 
two CIE procedures . The first CIE procedure use d  the me thod de-
scribed by Rytel (5 4 ) . The second me thod was s imilar to Rytel ' s  
with modif icat ions ( 5 3 ) . They found sens itivites of  3 3% and 4 7 % , -
respect ive ly ,  and specificities of 89%  and 91% , respe c t ive ly . Wu 
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and Fung ( 7 7) also reported a low sens i t ivity ( 38 %) with the CIE 
tes t and a specif icity of  88% as compared to the cell culture cyto­
toxicity assay . Prior absorp t ion of f· diff ic ile ant i toxin with 
whole C .  diff icile bact eria reduced the numbe r  of false pos i t ive 
react ions on the C IE by 50% ( 5 2 ) .  I f  the abs o rbed ant it oxins were 
used in the CIE procedure , sens itivity was 100% and specific ity , 
7 7 . 5% compared t o  the cyto toxicity test . 
A s e le c t ive and different ial agar medium has been developed 
by George e t  al . ( 26) to facilitate the isolat ion of C .  dif f icile 
from fecal specimens . This agar medium contains cyc loserine , ce fox­
itin ,  fruc to s e , and egg yolk (CCFA) . They compared the ability of 
the CCFA and other isolation medias to suppor t  the growth of 16 
s trains of  C .  dif f icile . Colony count s of f· diff icile grown on 
CCFA media were e qual to the number of colonie s  on b lood agar . 
Clos trisel agar , reinforced Clost ridial agar p lus 0 . 2% para-cresol , 
and egg yolk-neomycin agar were found to be inhibitory t o  the growth 
of f· difficile . However ,  when fecal sp ecimens wer e  cultured on the 
CCFA medium ,  it was found to be the mos t  sens i t ive and s e le c t ive 
media t e s t e d  for isolation of C .  dif ficile . 
Buchanan ( 8) reported the use of a s e le c t ive broth medium 
(CM&S) , which contained increased levels of  carbohydrates and anti­
bio t ics . Buchanan sugges t ed that his selec t ive broth was more sen­
sit ive than CCFA for the de tection of C .  dif ficile in fe cal material , 
because gas chromatographic detec t ion of volat ile fatty acids from 
bro th cul tures of  C .  difficile was more reliable t han culture on 
CCFA for the det e c t ion of low numbers of  C .  diff icile in feces . 
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The isolation o f  C .  diff icile from feces was enhanced in 
36/60 sample culture s on taurocholate-containing medium (TCCFA) ( 7 5) . 
The TCCFA medium sub s t ituted 0 . 1% sodium taurocholate for 2 . 5% egg 
yolk in the CCFA medium de s cr ibed by George et a l . ( 2 6) .  The char­
treuse f luorescence of C .  diff ic ile colonie s  was also more intense 
if the organism was cultured on TCCFA compared to CCFA .  
Other techniques ,  such a s  gas-l iquid chroma t ography ( 3 3), 
latex agglut inat ion ( 56) , fluore s cent ant ibody ( 7 6) , enzyme-linked 
immunos orbent assay ( 34) , have also been used to det e c t  C .  difficile 
in fecal specimens . Gas-liqu id chromatography has b e en used to 
detect the presence o f  vo lat ive fat ty acids and p-cresol in broth 
culture s  o f  fecal mat er ial . This assay has been sugges ted as both 
unsatisfactory a�d satis fac tory as a screening t e s t  ( 3 3 , 46) . 
Shahrabadi e t  al . ( 56) found latex agglut inat ion to have a predic tive 
pos it ive value of 68% and a predict ive negat ive value of 97 . 5 % com­
pared t o  the cytotoxicity assay . A direct f luores cent ant ibody ( FA) 
test agreed with bact erial culture and the cyt otoxicity assay in 93% 
of the spe c imens from ant ibiotic-as sociated diarrhea pat ient s .  How­
ever , 62% o f  the fecal specimens from normal pat ien t s  were also false 
posit ives on direct FA . The false positiv�s may no t have been a 
problem with ant ib iotic-associated diarrhea spec imens-be cause ant i­
biotics may have eliminated the other FA-po sit ive spe c ie s  o f  clo s t ri­
dia ( 7 6) . 
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Enzyme-linked immunosorbent as say ( EL ISA) has been used to 
decect antibody to C .  difficile toxins A and B ( 34 , 6 9 , 7 0) .  This 
as say could a s s e s s  the immune s tatus of  patients with f· difficile­
induced diseas e . I t  would also be a rap id and p ract ical t e s t  for 
detection of toxin in fece s , especially if monoc lonal ant ibody to 
toxins A and B could b e  produced and used as capture o r  det e c t ion 
ant ibody in an ELI SA . 
Chang and Gorbach ( 12) developed an ident i f icat ion procedure 
combining the sens itive techniques of bacterial isolation and the 
cytotoxicity ass ay . In this as say , . f· difficile was isolated on 
agar or in b ro th cultures containing cycolserine and ce foxit in� 
Colonies o f  C .  diff icile on the agar plates were then cut out of the 
agar and p laced onto a cell culture mono layer to assay for toxin . A 
similar p lug was placed onto a second monolayer containing media 
with C .  s o rdellii ant itoxin . A 1-ml . aliquo t was also removed from 
broth cultures , centrifuged and inoculated ont o  two cell culture 
monolayer s  as des c ribed for the agar culture . The broth culture 
me thod gave more rapid and sensitive result s than the agar plate 
culture .  
INTRODUCTION 
D iarrhea is  a comp lication of ant imicrob ia l  therapy ( 3, 11 , 
25) .  The spect rum o f  clinical s igns as sociated with ant ibiot ic­
associated diarrhea varies from a self-limit ing and incons istent 
diarrhea t o  a severe p seudomembranous colit i s . S t aphylococcus 
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aureus (�. aureus) was init ially isolated from pat ien t s  who devel­
oped ant ib i o tic-as sociated diarrhea or PMC after t reatment with 
tetracycline , chloramphenicol and oral neomycin . Thes e  ant ib io t ics 
apparen t ly supp re s s ed the growth of normal colonic microf lora , allow­
ing an ant ibiot ic-re s is tant � . aureus to become the predominant 
organism in the feces ( 11)· . Later , it became obvious that S .  aureus 
was not the o f fending organism s ince in a majority o f  cas e s  S .  
aureus is  not pre sent . However , Clo s t ridium dif f ic ile was mos t  fre­
quently isola t ed f rom pat ient s with ant ibio t ic-as s ociated diar�hea , 
and is now considered to be the principal e t io log ical agent of  these 
clinical diseases . 
Ant ibiot ic-associated diarrhea and PMC is  mediated by the 
existence of two toxins , A and B ,  produced by f· diff icile _(2, 51) .  
Toxin A i s  respons ible for the patho logy induced in the colon by the 
bact er ia but doe s not produce CPE on cell cultures unless  present in 
a very high concentrat ion (73). Toxin B produces CPE when inocu­
lated ont o  several mammalian cell lines . · 
Inocul�tion of cell crilture s with fecal . f il t rates is the 
best laboratory me thod for de tection of cytotoxin produced by C .  
diff icile and to confirm the diagnos is of  ant ib iot ic-ass ociated 
diarrhea or PMC . _This cytotoxicity tes t relie s  on the ability of 
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C.  dif f ic ile toxins A and/ or B to induce CPE in cultured cells . 
Alternat ive method s  such as bacterial culture , gas chromatography , 
enzyme-linked immunosorbent assay , and counter immunoelectrophoresis 
are not as sens i t ive as the cytotoxicity assay and do not correlate 
well with the clinical diagnosis . (26, 3 3, 34, 5 5) Although the cyto­
toxicity assay is the preferred test to diagno s e  ant ib iot ic-associ­
ated diarrhea or PMC , there are few reports on opt imal s t andardiza­
tion o f  this as s ay . Many clinical microbiology lab o ratories do no t 
maintain o r  produce the cell cultures needed t o  perform the cyto­
toxicity a s s ay . Such a laboratory must rely on out s ide sources , 
such as commercial companie s ,  to provide the cell culture s needed 
for the demons t rat ion of the toxin . This could mean rece iving cells 
that are 1 to 2 _weeks of  age or older for use in the cytotoxicity 
tes t . Several cell lines have been evalua ted and recommended for 
the assay o f f· difficile cytotoxin (7 3), but data are not available 
on the sen si t ivity of individual cell culture s to  the cytotoxin , the 
influence o f  the cell culture ' s  age on sens it ivity t o  cytotoxin , and 
the incubat ion t ime necessary to demons t rate CPE on the inoculated 
cell culture s .  The purpose o f  the present s tudy was to compare the 
sensitivity of four cell . lines and to det _ermine if the age inf luenced 
the sens i t ivity of the cells to C. diff icile cyt o toxin . 
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MATERIALS AND METHODS 
Fecal Specimens 
Fecal samples from 41 patients with suspected ant ibiotic-
associated diarrhea or PMC were received at the USD School of  Medi-
0 cine , Clinical Virology Laboratory and frozen at -80 C unt il used in 
this study • . 
Fecal Filtrates 
Soft  feces were diluted in an equal volume of Dulbecco ' s  
phosphat e-buff ered saline ( PBS , pH 6 . 9) ( Flow Laboratories , Rock-
ville , MD). Watery feces were used without prior dilution . The 
fecal material was then centrifuged in a Sorval l  RV- 3  centr ifuge 
(DuPont Company , Wilmington , DE 19898) at 7 5 0xg for 30 minut es . The 
supernatan t  was removed and filtered through a 0 . 45� Type HA mem-
brane filter (Millipore Corporat ion , Bedford , MA) and assayed for 
£. diffic i le toxin on cell culture s .  
Cell Cultures 
Four types of cells , primary human foreskin ( HFS ) , HEp-2 , 
Chine se hams ter ovary (CHO-Kl ) , and human f ibroblas t s  WI-38 we re 
evaluated in a cyt otoxicity test for C .  diff icile toxin . Cell cul-
tures pas s aged 10 t ime s in vitro were s t ill cons idered to be primary 
cells in this s tudy . The HFS cells were prepared by tryps inizat ion 
of human foreskins obtained from a local hospital . The HEp-2 ,  
CHO-Kl , and WI-38 cells were ob tained from a commercial s ource 
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( American Type Culture Collec t ion , Rockville , MD). The CHO-Kl cell 
is a he teroploid cell culture originat ing from the.ovary of a 
Chinese hams t e r  ( 47) . The WI-38 is a human , diploi d ,  f ibrob last 
(spindle-shaped)  cell originating from the lung ( 28 ) . The HEp-2 and 
CHO-Kl c e l l  cultures possess  squamous epithelial morphology while 
the HFS ce lls are f ibrob las t ic . The HFS , HEp-2 ,  and WI-38 cells 
were grown in Eagle's minimal essential medium (MEM) ( Gibco Labora­
tories , Grand Island , NY) and the CHO-Kl' cells we re grown in Ham ' s 
F-12 medium ( Flow Laboratorie s ,  McLean , VA) . The media were supple­
mented with 10% fe tal bovine serum ( FBS ) (Gibco Laboratorie s , Grand 
Island , NY) , 5 0mg /ml gentamicin (MA, Bioproduc t s , Walke rsville., MD), 
and 4 . 4% s odium bicarbonate (Mallinckrodt , Inc . , Paris , KY) . Cells 
were seeded in 16xl25mm glass test tubes ( American Scient if ic Prod­
uct s , McGaw Park , IL) and incubated at 37°C in a humidif ied atmos­
phere of  5 %  co2• 
Cytotoxic ity As s ay 
Each of the four cell type s were evaluated at various int er­
vals after s eeding for their sens itivity to detect f· diff icile 
toxin . One-hundred microliters of  each f il t rate was dilut ed in an 
equal volume of PBS . A second lOOpl volume o f  each filtrate was 
diluted in lOOpl of goat ant i-f . dif f icile toxin obtained from T .  
Wilkins ( Virginia Polytechnic Ins t itute (VPI) , Blacksburg , VA) . 
Positive , toxin-neutralizat ion , and negat ive controls were also pre­
pared at this t ime . The positive control was a 1 : 1000 dilution of a 
19 
filtrate prepared from a culture of f· difficile which produced 
toxin ( T . Wilkins , VP I ,  Blacksburg , VA) . The toxin-neutralization 
control cons isted of 100� 1 of the positive control in an equal 
volume of the goat ant i-f. diff icile toxin . Phospha te-buf fered 
saline was the negat ive control suspens ion . All suspens ions were 
incubated at ambient room temperature for 30 minu t e s  to allow for 
neutralizat ion of toxin in the fecal f il t rates . Twenty-four hours 
after seeding , lOOp! o f  the fecal filtrate , p o s i t ive , t oxin-neut ral­
izat ion and negative control suspens ions were inoculated into an 
individual tube seeded with HEp-2 and CHO-Kl c ells . The HFS and 
WI-38 ceil s  were not inoculated at 2 4h because thes e  cells have a 
longer populat ion doub ling t ime . All four cell typ e s  were inocu­
lated at 3 , 4 , 5 , 6 , 7 , 9 , and 14 days after seeding as described for 
the 24h HEp-2 and CHO-Kl cells . Culture s were incubated at 3 7°C in 
a humidified atmo sphere of 5% co2 and ob served for cytopathogenic 
effects ( rounded cells with radiat ing process e s )  at 4 and 24h pos t  
inoculation . The cell cultures we re compared for their sens itivity 
to de t e c t  C .  difficile toxin . The percent s ens i t ivity was defined 
as the number of t rue po sitives (TP) divided by the number of TP 
plus false ne gatives (FN) t imes 100 (% sens i t ivity = TP/ ( TP+FN ) X 
100 ) .  
Titration of C .  difficile To�in 
Fecal filtrates were diluted two or ten-fold in PBS (pH6 . 9 ) .  
An aliquot of lOOpl of the fecal f il t rate and subs equent dilutions 
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were added to an equal volume of PBS; a se cond 100�1 was added to an 
equal volume of goat ant i�Clostridium difficile t oxin . The mixtures 
were incubated at  amb ient room temperatu�e for 30 minu t e s . Five-
day-old HFS cells were inoculated with 100�1 of the diluted fecal 
filtrate mixtures and the neutralized , f iltrate mixtures . The HFS 
0 cells wer e  incubated at 3 7  C for 48h and then examined for morpho-
logical changes due to the presence of C .  difficile toxin . The 
titer of the toxin was expres sed as the highe s t  d ilut ion of the 
fecal filtrate , which induced CPE in 50% of the cell cultures inocu-
lated . 
RESULTS 
Cytopathogenic Ef fects  of C .  dif ficile Toxin 
Twenty-seven of the 41 fecal filtrates from pat ient s with 
ant ib iot ic-as sociated diarrhea or PMC induced a CPE in all four of 
the mammal ian cell lines . The absence of CPE on s imilar culture s 
inoculated with the fecal filtrate and ant itoxin suspens ion con-
firmed that this CPE was due to C .  difficile toxin . In addit ion ,  
the CPE induced b y  the 2 7  fecal filtrates was s imilar t o  the CPE of 
the pos i t ive cont rol . The cytopathic effects consist  mainly of 
individual or clumps of rounded cells with cytoplasmic s t reaming 
(Fig . 1 , 2 ) . The CPE was more readily de tected in the f ibrob lastic 
cells ( HFS , WI- 38 ) , w�ich changed from a -spindle shape to a rounded 
cell with cytop lasmic s t reamirtg (Fig . 3 , 4 ) . No_CPE was observed in 
the toxin�neutralization or negat ive cont rol cultures . 
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The CHO-Kl cells were rounded and detached f rom the culture 
tube at 14 days after seeding ( Fig . 5 ) . This degenerat ive charige in 
the CHO-Kl cells made it difficult to dis t inguish CPE induced by f· 
difficile from normal , degenerating CHO-Kl cells . The HEp-2 cells 
were crowded and overgrown , at 14 days after seeding , but this did 
not int erf ere wit h  interpre tat ion of the cytotoxic it y  assay .  The 
morphology of the primary HFS and WI-38 cont rol cells remained 
unchanged after 14 days in culture . 
Optimum Age of Each Cell Culture at 4 and 24h Readings 
When the cytotoxicity as say was read 4 hours pos t inoculat ion 
of the f ecal filtrat e s , 6-day-old HEp-2 cells de t e cted C .  difficile 
cytotoxin in 14/28 fecal specimens (Fig . 6 ) . Fourt een/2 8 specimens 
were pos i t ive for f· dif ficile cytotoxin us ing 7-day-old CHO-Kl 
cells . The 7 -day-old WI-38 cells de tected 16/2 8 pos itive specimens 
and the pr imary HFS cells seeded 5 and 6 days before inoculat ion . 
demons t rated the cytotoxin in 2 2/28 fecal spe c imens . In general , 
the sens itivity of each type of cell culture decreased after reach­
ing the peak age for sens itivity at 5 to 7 days af ter seeding . 
In the 24-hour assay , 5 and 7-day-old HEp-2 cells detected 
C.  dif f ic i le cytotoxin in 26/2 8 fecal samples ( Fig . 7 ) . The CHO-Kl 
cell at 4 days of cell culture age , and WI-38 at 5 days of age 
de tected f· diffic ile cytotoxin in 24/28 and 2 7/28 samples , 
respect ive ly . The HFS cells when inoculated 4 , 5 , 6 , 9  and 14 days. 
from seeding det ected cytotoxin in one fe cal spec imen , which was 
negat ive tis ing the HEp-2 , CHO-Kl and WI-38 cell line s .  
Figure 1. A. Morphology of a normal HEp-2 cell mono layer .  
Not e  the epithelial-like (polygonal shape d  cells ) . 
X ( 500)  
B .  HEp-2 cells inoculated with fecal f il t rate 
containing f· dif f icile toxin . The morphological 
e f fect of the toxin on this cell line is evident 
by the rounding of the cells . X ( 5 00 )  
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Fi.g. 1 HEp • 2 Cells 
A. Normal 
B. Toxic 
· Figure 2 .  A .  Morphology of normal CHO-Kl cell monolayer . 
X (SOO) 
B .  CHO-Kl cells inoculated with fecal filtrate 
containing f· difficile toxin . Not e  the rounded 
appearance of the cells . X(SOO) 
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Fig!2 CHO K-1 Cells 
A. Normal 
B. Toxic 
Figure 3 .  A .  Normal morphology of a WI-3 8  c e l l  monolayer . 
Not e  the charact eris t ic f ibrob last  or spindle­
shaped cells . X (SOO) 
B .  WI-38 cells inoculated with fecal filtrate 
containing f· difficile toxin . The morphological 
effec t  of the toxin on this cell is  evident by 
the rounding of the cell and the cytop lasmic 
s treaming . X (SOO) 
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Figure 4 .  A .  Normal morphology of a HFS cell monolayer� 
This is a spindle-shaped , f ibroblas t -like cell . 
X (SOO) 
B .  HFS cell inoculated with a fecal filt rate 
containing f· dif f ic ile toxin . The cytotoxic 
effect is evident by the rounding of the cell 









Figure 5 .  A .  Normal morphology o f  a CHO-Kl c e l l  monolayer 
after 14 days in culture . 
Note the degenerated appearance of the cells , 
also rounding , increased granularity , and 
s loughing . X ( 500)  
B .  A 14-day-old CHO-Kl cell culture inoculated 
with a fe cal filtrate containing f· difficile 
toxin; Note the diff iculty in dist inguishing 
the true pos itive from the normal cell monolayer . 
X ( 500)  
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Fig. 5 CHO-Kl Cells 14d. 
A. Normal 
Figure 6. Frequency (number o f  true positives ) o f  positive 
results 4 hours pos t  inoculation . 
The HFS cell detected a higher numbe r  o f  t rue 
pos itives compared to the o ther thr e e  cell line s . 
The sens itivity of each of the different cell 
cultures decreased after reaching maximum s ens i­
t ivity to C .  difficile toxin 5 to 7 days af ter 



















FREQUENCY OF PO S I T I V E R ESULTS 
4 h o urs po st in o c ulati o n  (n = 28) 
5 6 7 
Cell l i ne a ge i n  d a y s  





Figure 7 .  Frequency of positive resul t s  24 hours pos t 
-inoculation . 
A higher number of pos i t ive s was det e c ted by 
each cell line when the assay was read at 24h . 
The HFS cells detected C .  dif fic ile in one 
f ecal specimen , which was negative us ing the 


















FREQUENCY OF PO S I T I V E R E SULTS 
2 4  h o u r s  p o s t  i n o c u l a t i o n (n = 28) 
5 6 7 
Ce l l  l i n e  a g e  i n  d a y s  
I -] HEp - 2  
t;f0@ CHO-K 1 
- W I - 3 8  
�� HFS 
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The Effe c t s  of Age on the Sens itivity of Cell Culture s for 
Det e c t ion of C .  dif ficile Cytotoxin in a 4h vs 2 4h Cytotoxicity 
Ass ay 
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The four cell cultures were less sens i t ive when the as say 
was read at 4 hours compared to 24  hours after inoculation . How­
ever , the p redictive value of a pos i t ive test was 100% even at 4 
hours .  The HFS cells were more sens itive in the 4-hour as say than 
the other three cell lines ( Table 1) . Generally , the sensitivity 
of the cell cultures to C .  diff icile cytotoxin decreased as the age 
of the cell · cultures increased . When the cytotoxic ity a ssay was · 
read 4 hours pos t inoculat ion , the HFS cell det e c t ed the larges t  
number o f  fecal samples positive for C .  difficile regardless  o f  age 
compared to the other three cell lines . Five to 6-day-old primary 
HFS cells we re the mos t  sens itive for de tection of C .  difficile 
cytotoxin . At this age , the HFS cells were 14 to 17% more sens i t ive 
than the oth�r three cell types . Beyond 6 days of age , the HFS 
cells de t e c t ed fewer fecal samp le s with f· diff icile cytotoxin but 
were s t ill 1 2-18% more sens i t ive at 7 days of age; 13-20% more 
sens i t ive at 9 days of age and 12-20% more sens i t ive at  14 days 
compared to the HEp-2 ,  CHO-Kl and WI-38 cells . 
Reading the cytotoxicity assay at 24  rather t han 4 hours 
aft er inoculat ion of the cell cultures with fecal f i l t rates 
increased the percent sens itivity of the four cell l ines ( Table 2 ) . 
TABLE 1 .  
a 
Sensitivity of Cell Cultures 4 Hrs . Post Inoculat ion 
Time from 
seeding o f  cell 


















Cell Culture s 




6 1% 6 7 %  80% 
65% 6 7% 7 8% . 
65% 6 8% 8 2% 
65% 68% 82% 
6 7% 6 8% 80% 
5 9 . 5% 65% 7 8% 
5 9 . 5% 6 2% 7 4% 
aSens itivity defined as the ·number of true posi tive s divided by 
the numbe r  of  true positives plus the fals e negat ive s . 
bNot done . 
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TABLE 2 .  Sensi t ivity of Cell Culture s 24 Hrs . Post Inoculat ion 
Time from 
seeding of cell 










Cell Culture s 




82% 9 3% 97%  
87% 9 3% 100% 
85% 9 7% 100% 
31 
6 90% 85% 9 3% 100%
. 
7 93% 85% 8 7% 9 7% 
9 90% 82% 8 2% 100% 
14 80% 8 2% 85% 100% 
aNot done 
The HFS cell culture was s t ill 3-7% more sensi t ive than the other 
three cell cultures s tudied . As observed with the 4h cytotoxicity 
assay., the older cell cultures were les s  susc ep t ible to the effects 
of the C� difficile cytotoxin , However , the primary HFS cell line 
remained 100 percent sensitive excep t on days 3 and 7 when one true 
posi t ive was not detected (Tab le 2 ) . The HEp-2 cells were mos t  
sens itive to C .  difficile cytotoxin between 3 and 9 days o f  age . 
The CHO-Kl and WI-38 cells were mos t  sens it ive at  1 and 5 days of 
age , respect ively . 
Titrat ion of C .  diffic ile Cyto�oxin 
The t iters of the cytotoxin in the fecal f il trat e s  from the 
28 pos i t ive samples ranged from 1 : 2 and 1 : 2560 . The re sult s  are 
shown in Tab le 3 .  The primary HFS cell was more sensi t ive than 
the other three cell cultures for the de tect ion of C .  diff icile 
cytotoxin with a t iter �1 : 160 , regardle s s  of the age of the cell 
or the t ime · of obs ervat ion (Fig . 8 , 9 ) . However , the older the 
cells , the le s s  sens itive was the 4h as say ( Fig . 8 ) . 
When the f· difficile cytotoxin t iter was �1 : 320 , the HFS 
cell was s t ill more sens itive than HEp-2 ,  CHO-Kl , and WI-38 cells 
when the cytotoxin assay was read 4h pos t  inoculat ion (Fig . 10 ) . 
Sens itivities of all 4 cell types were s imilar when read 2 4h post 
inoculat ion except that . 5-day-old CHO-Kl cells failed to detect 
cytotoxin in l/2 8 . samples . Nine-day-old HEp-2 cells also did not 
detect  one toxin positive fecal sample ( Fig . 11) . 
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TABLE 3 .  Titersa of  C .  dif f ic ile Cytotoxin in Fecal Filt rates 
Titer o f  Cyto toxin Numbe r  of Fecal Filtrat es 
1 : 2  5 
1 : 8  2 
1 : 10 2 
1 : 40 1 
1 : 80 2 
1 : 160 7 
1 : 320 3 
1 : 640 3 
1 : 1800 1 
1 : 1280 1 
1 : 2560 1 
3·3 
a Titer o f  toxin was expressed as the highes t  dilut ion o f  the fecal 
f iltrat e which induced cytopathic effec t ., in 5 0% of all the 
cultures inoculated . 
Figure 8 .  S ens itivity of cell cultures 4 hours pos t  
inoculat ion with fecal f iltrates containing 
C .  diff icile cytotoxin t iter ��1 : 160 . 
The HFS cell was more s ens itive than the 
other three cell lines regardle s s  of age of 














SENS I T I V I TY OF C ELL CULTURES 
4 h o u r s  p o s t  i n o c u l a t i o n .  t i t e r  · = 1:  1 6 0 
DAY 5 DAY � DAY 1.4 
Ce l l  l i n e  a t  5. 9. a n d  1 4  d a y s  o f  a g e  
I - -:J H E p - 2  
W41 C H O - K 1 
- WI-38 
�� H F S  
Figure 9 .  S ensi t ivity of cell cul tures 24 hours pos t 
inoculation with fecal f iltrates containing 
f· difficile cytotoxin t iter � 1 : 16 0 . 
Reading the assay at 24h increased the 
s ens i t ivity; however , age did not af fect  the 














SENS I T I V I T Y O F  C E LL CULTURES 
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Figure 10 . Sens itivity of  cell culture s 4 hours post 
inoculation with fecal filt rate s  containing 
C .  dif fic ile cytotoxin with a t iter � l : 320 . 
The HFS cell was more sens itive in comparison 















SENS I T I V I T Y O F  C ELL C U L T U R E S  
4 h o u r s  p o s t  i n o c u l a t i o n .  t i t e r  1 :  3 2 0  
r 
DAY 5 DAY 9· DAY 1 4  
C e  1 1  1 i n e  at 5.  9. a n d  14 d a y s _ o f  a g e  
I I H E p - 2  
WM C H O - K 1 
- WI-38 
�� HFS 
Figure 11 . Sensitivity of  cell culture s 2 4  hour s  
pos t inoculation with fecal filtrates 
containing f· difficile cytotoxin with 
titers of  � 1 : 320 . 
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Human lung f ibroblast , CHO-Kl , HEp- 2 , HeLa , McCoy , primary 
human amnion , monkey and rabbit kidney and Yl adrenal cells have 
been used in cytotoxicity assays for f· dif ficile t oxins ( 13 , 16 , 36 ,  
42 ) . However ,  few reports  have determined if the age of  the cell 
culture inf luences the sens itivity of the cytotoxici ty assay . Mos t  
clinical microbiology laboratories lack the t ime , expertis e  o r  
mat erials availab le to prepare primary cell culture s . Thus , mo s t  
of  the se laboratories commercially purchase cell cultures needed 
to perform the cytotoxicity. assay for C .  difficile toxin . This 
could mean us ing cell cultures , which are one to two weeks old , 
since t ime mus t  be allowed for shipping and acclimatization of the 
cells to the environment of the recipient laboratory . The present 
s tudy estab lished that 1 ) different types of cells vary in their 
sens it ivity to f· difficile cyto toxin ; 2) the s ens it ivity o f  each 
ce ll culture decreased as the age of the cell culture increased 
and 3) the ove rnight ( 2 4h) cytotoxicity ass ay was more s ensi t ive 
than a rapid 4h as say for detection of C .  diff icile cytotoxin in 
fecal f il t rates . 
The four cell lines , HFS , HEp-2 ,  CHO-Kl , and WI-38 cells 
proved sens itive to the effects of C .  dif f icile cyt o t oxin . The 
CPE obs e rved in each cell type was confirmed to be caused by the 
C .  difficile cytotoxin since the effect could be neu t ralized by 
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u s e  of  goat anti-f . diff icile toxin . The changes i n  c e l l  morphology 
induced by the cyto toxin in this study were also similar to those 
des cribed p revious ly for o ther cell types ( 13 ) . Primary HFS cells 
were the mos t  sens itive to the effects of  the C .  difficile cyto­
toxin . The sens itivity of  this cell line was not influenced by the 
age of the culture or the time of the assay in comparison to the 
other three cell lines . 
The enhanced sens itivity of the human foreskin cells may be 
related to the low number ( 210 ) of subcultivat ions . Therefore , 
these cells- more closely resemble cells in vivo . The HFS cells 
are also f ib rob last ic cells ( elongated , spindle-like ) and the round­
ing CPE induced by f · diff icile cytotoxin on f ib roblas t  cells is 
more readily ob served . This eas ily detec table rounding of fibro­
blas tic cells was also no ticed on WI-38 cells . The s e  morphological 
changes ( rounding ) are more diff icult to not ice on the epi thelial 
cell types , · CHO-Kl , and HEp-2 . 
The increased sens itivity of the primary HFS cells compared 
to the s tab le cell lines is s imilar to a previous report ( 1 3 )  in 
which primary human amnion cells were found to be more s ens itive to 
f· difficile cytotoxin than HeLa , monkey kidney o r  rabb it kidney 
cells . Thus , primary cells are more sens itive to the effects  of 
the C .  diff icile cytotoxin . 
Murray and Weber ( 4 2 )  reported the CHO-Kl cell to be s ig­
nif icantly more sens itive than the HEp-2 cell . Our s tudy found only 
modes t  differences between these two cell line s . Whe ther the 
increased sensitivity ob served by Murray and Weber ( 4 2 )  was due to 
use of  a cell culture of  minimal age or to o ther fac tors could no t 
be determined f rom the published report . 
Chang e t  al . ( 13 )  compared the sens itivity o f  several cell 
lines and primary human amnion cells for the detection of f·  dif­
fic ile cytotoxin . The primary human amnion cells were tested after 
cultivation for 1 , 2 , 3  and 4 weeks , but no mention was made as to the 
age of the o ther cell .lines . His s tudy showed that p rimary human 
amnion cells were more suscep t ible than HeLa , monkey kidney , or 
rabbit kidney cells for the de tec t ion o f  cytotoxin in fecal material . 
However , the s tudy showed only a mode s t  variat ion in sens i t ivity 
compared to o ther e s t ablished lines . Our s tudy showed that the age 
of the cell culture was very important in achieving the highes t  
po s s ible sen s i t ivity . We found that cells in culture beyond 5 days 
were no t as sens itive as cells inoculated at earlier t imes . The 
available repo r t s  in the literature make comparisons of the sens i­
tivity of different typ es of cells to c .  diffic ile cytotoxin diffi­
cult to int e rpret , s ince the age of the cell culture used is not 
reported . 
When the cytotoxicity as say was read 4 hours post inocula­
tion , the s ens itivity of each cell culture decreased as the cell 
culture age increased , regardle s s  of the cytotoxin t i ter . This was 
also true when the assay was read at 24 hours except the WI- 38 and 
40 
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HFS cells remaining 100% sens itive from 3 t o  4 days o f  age . The 
reason for the los s  of sens itivity is no t known , but could perhap s 
re lat e  to membrane changes that may occur with cell s ene s cence . For 
examp le , CHO-Kl cell cultures round up and s lough as they age . This 
makes it diff icult to  determine if the cytopathic e f f e c t s  were due 
to C .  difficile cytotoxin or simply to degenerat ion of the normal 
cell monolayer . Failure to use negative cell culture controls on 
cell lines such as the CHO-Kl , which degenerate with age , could 
result in false positive readings . 
Many inves t igators do no t report the t ime the as say is read . 
Chang e t  al ; ( 13 )  reported that cells inoculated with a high t itered 
toxin will show cytopathic changes within 4 hours . In our s tudy , 
the primary HFS cell inoculated 5 days after seeding de tected C .  
difficile toxin in 7 6% of  the fecal filtrates if the cyto t oxin t iter 
was 1 : 160 or les s . When titers were 1 : 320 or greater , the HFS cells 
were 100% sens itive . This indicates that the rapid 4h as say is best 
suited for f ecal samples with high concent rat ions of  the C .  dif f i­
cile cytotoxin . We were ab le
. 
to increase the number of  pos i t ive 
readings us ing a 2 4h assay , which was more sens i t ive and allowed 
time for the lower level s  of  cytotoxin to produce CPE . Thus , 
induct ion of CPE by fecal filtrates containing low titers ( �1 : 160 ) 
of C .  diffic ile toxin is t ime dependent . 
The preferred test  for laboratory confirmation of the cyto­
toxin produced by C .  diff icile is the demonstration o f  the toxic 
effect o f  f e cal extract s  on cell cultures ( 13 , 16 , 36 , 4 2 ) . Results 
from the present s tudy indicate that primary cells , specif ically , 
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HFS cells 5 to 7 days after seeding , were mos t  sensi t ive . The "· cyto­
toxicity assay should be read at 24h after inoculat ion . Other 
primary cell types may also be sens itive to f· difficile cytotoxin , 
such as the primary human amnion cells reported by Chang et  al . ( 13 ) . 
We did not compare s ensitivit ies o f  various primary cell types so it 
is not po s s ib le at this time to de termine i f  one primary cell type 
is more sens i t ive than another .  
Recommendat ions f rom this s tudy , whi ch o ther clinical labor­
atories may - cons ider to optimize the cytotoxic ity ass ay f o r  C .  dif­
f icile toxin are : 
1 .  I f  tis sue culture facilities are availab le , primary HFS 
cells 5 to 7 days after seeding should be used . I f  t i s sue culture 
facilities are no t _ available , it would be advantageous to f ind a 
commercial �ompany or another clinical laboratory which could provide 
primary HFS cells and then use them up to two weeks of cell culture 
age . 
2 .  Primary human foreskins can be eas ily prepared if the 
clinical laboratory has access to a normal newborn nursery . Using 
the foreskin cell would be a definite advantage compared to the 
me thods nec e s sary to obtain specimens for t�e preparat ion of primary 
human amnion cells . 
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3 .  I f  it is not pos s ible to prepare HFS cells , an alt erna­
tive cho ice would be to use WI-38 cells . The supplier should 
provide info rmat ion as to the day the cell culture was seeded . 
4 .  The as say should be inoculated in the morning hours 
and read 4 hours post inoculation . Although the 2 4-hour assay is 
more s ens itive , 5-day-old HFS cells inoculated with fe cal specimens 
of low t i ter detected toxin 7 6 %  of the time at 4 hour s . In a 
clinical set t ing , even 7 6% is important · in providing a rapid 
diagnosis  to the clinician . Fecal filtrates negative for f· dif­
ficile cytot oxin after 4h should be incubated and obs e rved again at 
24 hours a f t er inoculat ion . 
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